Background: Type 1 Diabetes mellitus (DM) causes changes in bone mineral density (BMD). Objectives: The aim of this study was to evaluate BMD in children with type 1 DM and predictive factors of BMD loss in these patients. Methods: This cross-sectional study was conducted on 112 children with type 1 DM referrtd to children's medical center in Tehran, Iran during 2015 and 2016. Serum levels of hemoglobin A1c (HbA1c), Insulin-like growth factor 1 (IGF-1), 25-hydroxy vitamin D (25(OH) D), calcium, phosphorus, parathyroid hormone (PTH), alkaline phosphates (ALP), Fasting blood sugar (FBS) was recorded. Lumbar spinal BMD (L1-L4) was measured in all patients by
Background
Osteoporosis is a type of skeletal diseases characterized by reduced bone density, integrity and increased risk of fracture (1) (2) (3) . Osteoporosis, which is usually asymptomatic until a fracture occurs, is known as an alarming health problem throughout the world (4) . Given the importance and high incidence of osteoporosis and bone fractures in patients with type 1 DM, researchers investigate different pathological mechanisms that reduce bone density in these patients (5) (6) (7) (8) . Bone marrow derived endothelial progenitor cells (EPCs) play an important role in bone repair, and diabetes leads to decreased expression of these cells through different paths, which ultimately reduces ossification at the fracture site (9) .
In patients with type 1 DM, disruption in formation of bone trabeculation is due to deficiency of insulin and IGF-1, which leads to reduced bone mass. Simultaneous companion of autoimmune diseases and diabetes may double the risk of osteoporosis in these patients (10) . In addition to influencing the pathophysiology on bone diseases caused by diabetes, bone density disorder in type 1 DM is also influenced by genetic factors (11) . Also, increasing risk of fractures has been reported in diabetic patients treated with insulin drugs than non-insulin drugs (12) . Considering importance of osteoporosis in the individual's activity and increased risk of pathological fractures in the future, determining prevalence and risk factors of the problem in children with type 1 DM and necessary treatments for its reduction is essential (13) . Previous studies showed that type 1 DM causes reduction of bone density and ossification markers and increasing bone loss markers, and BMD is a good indicator for detecting changes in bone quality (14) (15) (16) (17) (18) (19) (20) .
Given that most previous studies have been conducted on adults, further studies on diabetes and its effect on bone, particularly in childhood are required (21) . According to our knowledge there has been no published study on status of bone density in children with type 1 DM in Iran so far. Therefore we designed this study to investigate BMD status and its related factors in children with type 1 diabetes referring to Children's medical center as one of the largest referral pediatric centers in Iran. Research population included children with type 1 DM referring to children's medical center, a referral university affiliated hospital with 400 beds in Tehran, Iran, during 2015 -2016. Considering the diabetic children with low BMD as 10% (21), α = 0.0.5 and β = 0.8, sample size was estimated 100 using following formula:
It was a convenience sampling. Enrolled patients were taken from those being followed up for type 1 DM by clinic for endocrinology and diabetes in children's medical center, based on inclusion and exclusion criteria and after obtaining informed consent from their guardians.
Inclusion criteria included age above 4 years and type 1 diabetes with at least 3 years after its diagnosis.
Exclusion criteria included diseases affecting bone density, such as untreated hypothyroidism, hyperparathyroidism, intestinal malabsorption, celiac disease, inflammatory bowel disease, certain bone or joint diseases and history of bone fracture, liver disease, kidney disease, long term use of corticosteroids, and consumption of drugs that impact bone metabolism.
Age, height, weight, pubertal status, age at onset of diabetes, duration of diabetes, types of insulin therapy including regular, neutral protamine hagedorn (NPH) or LantusNovo rapid , daily prescribed insulin dose and daily calcium intake were recorded in all patients.
Height and weight measurements were done using a stadiometer (accuracy: 1 millimeter) and Seca balance (accuracy: 100 grams), respectively. Body mass index (BMI) was calculated as weight (kg)/height 2 (m 2 ).
Serum level of HbA1c was considered as glycemic control in the last three months and average values of the last three HbA1c measurements was recorded. Blood samples of patients after 10-hour fasting were collected in the morning, and Serum 25(OH)D, calcium, phosphorus, PTH, alkaline phosphatase, FBS, IGF-1 and HbA1c were measured using high-performance liquid chromatography with automated analyzer in the laboratory of children's medical center. Average hours of moderate to vigorous physical activity of the children within the last 7 days were recorded according to parents' information. Bone age was determined using left hand and wrist radiography.
Lumbar spinal BMD (L1-L4) was measured in all patients by dual energy X-ray absorptiometry (DEXA) device (DMS Stratos, France, serial number: J1201SD277) available in imaging center of children's medical center. Calibration was performed according to the instructions of software and device manufacturer. BMD values were determined as g/cm 2 . These values were compared to Z score for age and gender in normal population. To investigate the relationship between BMD and other variables, BMD measures in patients were divided into three groups. A BMD Z-score of ≥ -1 was accepted as normal; between -1 and -2, in the low range of normality; and ≤ -2, low BMD (21) . Bone mineral content (BMC) was calculated by DEXA.
Statistical Analysis
SPSS 18 software was used for data analysis. The Kolmogorov-Smirnov (K-S) test was used for testing of normality of the distribution. In case of normal data distribution, parametric tests, and in case of non-normal distribution, non-parametric tests were used. Qualitative variables were analyzed using Chi square test and quantitative variables were analyzed using one way ANOVA or Kruskal Wallis. Correlation between variables was measured using Pearson correlation analysis. Multivariate linear regression model was used to predict the value of factors related to BMD reduction. Significance level was considered as P value < 0.05 in all analyses.
Results
We assessed 123 patients for eligibility in this study. Three of whom were excluded due to celiac disease, 2 untreated hypothyroidism, 1 intestinal malabsorption, 1 history of bone fracture, 1 liver disease, 1 kidney disease and 2 long term use of corticosteroids. Finally 112 patients with type 1 DM were included in the study.
Fifty seven (50.9%) were female. Median age was 12.5 (4 -14) years.
Low BMD and BMD in the low range of normality were diagnosed in 17 (15.2%) and 25 (22.3%) of patients, respectively.
The characteristics of three groups (low BMD, BMD in the low range of normality and normal BMD) are given in Table 1 . Information on comparison of three groups is given in Table 2 in terms of paraclinical variables.
IGF-1 level was significantly lower in normal BMD group (P = 0.032). HbA1c was significantly different in three groups and BMD was reduced by increasing amount of HbA1c (P < 0.001). Serum vitamin D level represented a substantial reduction in the low BMD group (P = 0.002). Bone age was lower in normal BMD group (P = 0.031). Three groups did not show significant statistical difference for BMI, FBS, serum calcium, phosphorus, alkaline phosphatase, PTH and average BMC. 
Discussion
Along with previous studies on relationship between bone density changes, especially bone density reduction and type 1 DM, current study aimed at evaluating these changes with predictive factors of bone density reduction in this group of patients. In the current work, first it was found that there is significant relationship between BMD status of patients (three groups) and some characteristics such as age, age of onset of diabetes, as well as some paraclinical parameters like IGF-1, HbA1c, 25(OH) D, and bone age. In correlation analysis, inverse relationship was observed between BMD and patient's age, age of onset of diabetes as well as metabolic indexes related to diabetes type 1 including HbA1c, IGF-1 and PTH. However, only HbA1c increased level significantly predicted reduction of BMD in multivariate regression model among all mentioned factors.
Findings of the current study can be contemplated in several points. First, the main predictor of BMD reduction and increased risk of osteoporosis is actually glycemic conIran J Pediatr. In Press(In Press):e9062. 3 U n c o r r e c t e d P r o o f trol in these patients, which is related to HbA1c. Second, other variables such as current fasting blood sugar and levels of calcium, phosphorus, and alkaline phosphatase were not able to predict BMD reduction. It seems reduction in BMD is a gradual process, and it is actually mostly affected by the control process of diabetes rather than acute and immediate changes in the above variables. Also with increasing age, duration of diabetes was longer and the risk of BMD reduction in patients went up. On the other hand, unlike some of the studies, where these changes are more visible in one of the two sexes (22, 23) , change in BMD is mostly influenced by age of patients rather than gender of patients.
The finding on higher bone age and IGF-1 in Low BMD group may be due to older age of patients in this group in our study.
In the study by Loureiro, BMD was lower in diabetic patients and there was an inverse relationship between BMD and blood glucose levels and HbA1c (24) ; this relationship was observed only with HbA1c, and not with blood glucose levels in our study.
In the study by Onder, no significant difference was observed in terms of Vitamin D level and PTH among low BMD, BMD in the low range of normality, and normal BMD groups (21) , which is inconsistent with findings in the current study. In Heilman's work, lumbar BMD was significantly lower in diabetic children than non-diabetic children. This difference was mainly observed in boys rather than girls. In diabetic group, an inverse relationship was found between BMD and HbA1c (25) . Although the observed inverse relationship was consistent with our study, gender difference is not consistent with the current study.
In Karagüzel's study, children with diabetes had lower serum calcium levels, PTH, osteocalcin and 25(OH) D levels were higher, but BMD amount had no relationship with the duration of illness or metabolic control in diabetic patients (26), which was not in line with our study.
In our study, vitamin D levels were significantly lower in low BMD group. Studies by Tahrani, Bucan and Svoren similarly showed deficiency in vitamin D in patients with diabetes (27) (28) (29) . Vitamin D deficiency mechanism in children is different (30) and in patients with diabetes type 1 it includes genetic susceptibility factors, accompanying albuminuria or renal excretion of vitamin D and/or its metabolites (28, 31) .
In a study by Leger, in girls with diabetes, BMD values were lower than in healthy girls, but this difference was not observed in boys (22) . In Vazquez's study results showed that boys with diabetes had lower BMD than their peers in the control group (23) . Again this difference in results by gender was not consistent with our study.
In general, it seems that the differences between metabolic and serum markers of diabetes type 1 and BMD values can be affected by various factors of which the most important are differences in the techniques used for measuring markers, inclusion and exclusion criteria, confounding factors and genetic differences between populations.
One of the limitations in the current study was that the study was conducted only in one center, our subjects were selected because of their convenient accessibility and proximity to the researchers so the findings cannot be generalized to all diabetic children, although children's medical center in Tehran is one of the largest pediatric referral centers in Iran, and almost patients from across the country refer to these center. Thus, it is suggested that future investigations in this relation be designed as longitudinal and multi-center studies.
Overall it can be concluded that firstly glycemic control in children with type I diabetes is mainly predictor of changes in BMD, and secondly, the changes in BMD were observed mainly in older ages and is independent on gender. 4 Iran J Pediatr. In Press(In Press):e9062. 
